The reliability and validity of two qualitative scoring systems for the Controlled Oral Word Association Test [Benton, A. L., Hamsher, de S. K., & Sivan, A. B. (1983) . Multilingual aplasia examination (2nd ed.). Iowa City, IA: AJA Associates] were examined in 108 healthy young adults. Psychology, 18,[153][154][155][156][157][158][159][160][161][162][163][164], test-retest reliability coefficients (N = 53; M interval 44.6 days) for the qualitative scores were modest to poor (r icc = .6 to .4 range). Correlations among COWAT scores, measures of executive functioning, verbal learning, working memory, and vocabulary were examined. The idea that qualitative scores represent distinct executive functions such as cognitive flexibility or strategy utilization was not supported. We offer the interpretation that COWAT performance may require the ability to retrieve words in a non-routine manner while suppressing habitual responses and associated processing interference, presumably due to a spread of activation across semantic or lexical networks. This interpretation, though speculative at present, implies that clustering and switching on the COWAT may not be entirely deliberate, but rather an artifact of a passive (i.e., state-dependent) process. Ideas for future research, most noticeably experimental studies using cognitive methods (e.g., priming), are discussed.
indicator of brain dysfunction and the administration of verbal fluency tasks is recognized as an important component in the comprehensive assessment of neuropsychological functioning (see Lezak, Howieson, Loring, 2004; Strauss et al., 2006) .
Traditionally, performance on the COWAT is measured by calculating the total number of acceptable words produced for all three letters. Errors and perseverations (word repetitions) are not included in this score. Errors include words that begin with the wrong letter, are proper nouns, or words that differ from a previous response by tense, plurality, or grammar usage (Benton et al., 1983) . Changing a word ending to produce a new word that refers to a noun (e.g., "teach" and "teacher") is considered acceptable and such instances are scored as two separate words. Homonyms of previous responses are accepted if the participant makes the meanings clear. Slang and commonly used foreign words are also scored as acceptable responses (Benton et al., 1983) .
In addition to the obvious language requirements and sensitivity to cognitive and motor speed, effective COWAT performance is believed to involve executive functions such as cognitive flexibility, strategy utilization, suppression of interference, and response inhibition (Abwender, Swan, Bowerman, & Connolly, 2001a; Perret, 1974; Troyer, Moscovich, & Winocur, 1997) . In addition, investigators have proposed that the nature of executive control on such tasks involves the regulation of attention, memory, and working memory processes (e.g., Goldman-Rakic, 1987; Moscovich & Winocur, 2002; Pennington, Bennetto, McAleer, & Roberts, 1996; Shallice & Burgess, 1991) .
Models of verbal fluency have been developed and refined to explain the variability of subjects' scores and to conceptualize the cognitive abilities that underlie effective performance (e.g., Chertkow & Bub, 1990; Gruenewald & Lockhead, 1980) . Comprehensive reviews of these models and early experimental findings leading to their development are reported elsewhere and will not be restated here (see Abwender et al., 2001a; Ross, 2003; Troyer et al., 1997) . Most importantly, investigators (e.g., Abwender et al., 2001a; Troyer et al., 1997) have developed qualitative scoring systems to reflect the multidimensional nature of COWAT performance suggested by verbal fluency models and studies of patients with diverse brain lesions. Moreover, these investigators contend that global scores obscure the unique contributions of distinct cognitive subsystems (Troyer et al., 1997) . Abwender et al. (2001a, p. 324 ) have argued more forcefully that an "over-reliance on quantitative assessment has contributed to our lack of certainty regarding the nature of verbal fluency, neuropathological correlates, and interpretation of poor verbal fluency performance". Further, Abwender et al. argue that the careful examination of the qualitative output, consistent with a "process approach" (e.g., Kaplan, 1988) , will better elucidate the precise nature of impaired performance. As they pertain to the present study, the scoring systems developed by Troyer et al. (1997) and Abwender et al. (2001a) will be reviewed. Particular attention will be given to the method of Abwender et al., as this system has received far less attention in the published literature to date. Troyer et al. (1997) developed a qualitative scoring system for the COWAT, based on Chertkow and Bub's (1990) two-factor model of verbal fluency. Chertkow and Bub (1990) proposed that effective fluency requires (1) an intact semantic store for supplying a knowledge base of related words, and (2) an effective search process to access and retrieve this information. Therefore, poor performance on the COWAT can be attributed to a deterioration of the lexicon, to inefficient search and retrieval processes, or to both conditions. To operationalize the store and search components of Chertkow and Bub's (1990) model, Troyer et al. (1997) developed the concept of cluster and switch scores for use with the COWAT and semantic fluency tasks (e.g., animal naming). Clustering is defined as the strategic production of words within semantic or phonemic subcategories. For the COWAT, Troyer et al. (1997) propose four types of phonemic clusters which are defined as groups of two or more successively generated words that (1) begin with the same first two letters (e.g., church, change, charge); (2) differ only by their vowel sounds (e.g., fit, fat, foot); (3) rhyme (e.g., stand, sand); and (4) are homonyms (e.g., some, sum). These authors also introduced a cluster size score. Cluster size is determined by the number of words produced in each cluster beginning with the second word. For example, the three-word cluster including car, carpet, and carrot would have a cluster size of two. Switching is defined as the ability to shift efficiently to a new category or subcategory, once a previous category is no longer productive. Switches are calculated as the number of transitions between clusters, between clusters and single words, and between single words. Troyer et al. (1997) contend that temporal-lobe mediated processes such as verbal memory and semantic (i.e., lexical) storage are represented in cluster scores, whereas frontal-lobe-mediated processes such as cognitive flexibility, set shifting, and strategic responding are reflected in switch scores. There is some support for this position, as patients with Alzheimer's disease demonstrate poor clustering performance relative to switching, whereas the reverse pattern is observed in patients with frontal and frontal-subcortical pathology (e.g., Rich, Bylsman, Troyer, & Brandt, 1999; Robert et al., 1998; Troyer, 2000; Troyer et al., 1997; Troyer, Moscovich, Winocur, Alexander, & Stuss, 1998; Troyer, Moscovich, Winocur, Leach, & Freedman, 1998) .
In developing their scoring system, Troyer et al. (1997) analyzed data from a large sample of healthy persons (N = 95). They reported that the total number of words generated significantly correlated with number of switches and with cluster size. The authors concluded that the successful use of switching and clustering is associated with a high verbal fluency score. Troyer et al. (1997) also discovered that switching was correlated more closely with total word production than clustering on phonemic fluency, whereas clustering and switching were equally associated with total word output during semantic fluency tasks. They concluded that switching is more important on measures of phonemic fluency and is more likely to reflect to frontal-lobe activity. Using dual-task methodology, they found that experimental conditions that increased demands on divided attention (particularly presumed frontal operations) resulted in decreased switching, while no such decrease in clustering was observed. Additionally, these authors argued that the literature documenting phonemic fluency impairment in patients with frontal-lobe lesions also supports the contention that switching is a frontal-lobe-mediated operation (see also Strauss et al., 2006) . Troyer et al. (1997) suggest that switch scores assess executive functions such as the ability to disengage from a previous strategy and the cognitive flexibility to select a new word retrieval strategy quickly and efficiently. Abwender et al. (2001a) expanded on the scoring system used by Troyer et al. (1997) to include additional instances of clustering. They proposed additional criteria for phonemic cluster scores including (1) words that begin with the same sound, even if the spelling is different (e.g., school, skin); (2) words that end with the same sound (e.g., farther, future, feather); and (3) groups of words in which the second letter follows an alphabetical progression (e.g., about, across, adore). They also sought to identify and score instances of semantic clustering on the COWAT. That is, their scoring system distinguishes between what Abwender et al. refer to as task-discrepant clustering and task-consistent clustering in the analysis of clusters. Task-consistent clustering involves phonemic clustering on a phonemic task (e.g., COWAT) or semantic clustering on a semantic task (e.g., animal naming). In contrast, task-discrepant clustering refers to semantic clustering on the COWAT (e.g., potato, peanut) or phonemic clustering on a semantic fluency task (e.g., apple, apricot). Abwender et al. (2001a) contend that instances of task-discrepant clustering are more likely to reflect deliberate strategy use by participants on verbal fluency tasks. On a phonemic fluency task such as the COWAT, Abwender et al. (2001a) defined semantic clusters as two or more consecutive words that can be considered as (1) co-members of the same semantic category (e.g., fake, fraud); (2) words that are antonyms (e.g., love, loath); and (3) words containing the name of a super-ordinate category and an exemplar (e.g., fish, flounder). In the latter case, the words may appear in any order (e.g., flounder, fish). Troyer et al.'s (1997) system does not include the scoring of semantic clusters for the COWAT, as these authors contend that such responses are rare. In contrast, Abwender et al. (2001a) reported that task-discrepant (i.e., semantic) clustering on the COWAT was present in 90% of protocols generated from their sample of 88 healthy college undergraduates.
The qualitative scoring system of Abwender et al. (2001a) also includes additional switch scores not included in Troyer et al.'s (1997) system. These authors contend that that definition of switching proposed by Troyer et al. (1997) was inadequate, because it implied that switching and clustering are mutually exclusive processes. According to Troyer et al. (1997) , instances of switching can occur (1) between adjacent or overlapping multiword clusters, (2) between a multiword cluster and a non-clustered (i.e., single) word, or (3) between two non-clustered words. Troyer et al. do not specify that the same mental processes initiate each type or instance of a switch; rather only that switching is a product of strategic searching and mental flexibility. Abwender et al. (2001a) contend that Troyer et al.'s definition of switching, by scoring an instance of a switch between any two non-clustered words (e.g., car [switch] celery [switch] clock), might reflect nothing more than the absence of the ability to cluster. Abwender et al. note that a randomly generated list of words would contain transitions that could be construed as switches according to the Troyer et al. (1997) method. They also point out that a positive correlation between the number of switches and the number of words produced does not constitute proof that word output is dependent on switching ability. Abwender et al. also take issue with the fact that, under Troyer et al's (1997) system, single (i.e., non-clustered) words have a cluster size of zero. Given this, smaller cluster sizes will then accompany a larger number of scored switches, making these scores linearly dependent and therefore difficult to dissociate from one another statistically and conceptually.
Based on the criticisms above, and to better elucidate the cognitive operations underlying different instances of switching, Abwender et al.'s (2001a) Abwender et al. contend that this index, as compared to hard switching, represents a more deliberate use of a strategic process and a greater degree of cognitive flexibility, functions presumably mediated by frontal-lobe activity. Hard switches, which are highly correlated with total word output, simply represent speed of information processing and mental productivity according to Abwender et al. They cite Boone, Ponton, Gorsuch, Gonzalez, and Miller's (1998) factor analytic findings as support for their contention. Namely, Boone et al. (1998) found that COWAT scores loaded on the same "speed of information processing" factor along with the Stroop Test and other timed measures, and did not load on the same "cognitive flexibility" factor along with the Wisconsin Card Sorting Test (WCST) and other putative measures of executive function in a sample of healthy older adults. Since the publication of Abwender et al's (2001a) article, other factor analytic studies have not supported this view. For example, Busch, McBride, Curtiss, and Vanderploeg (2005) examined the factor structure of a neuropsychological battery similar to that of Boone et al. (1998) in a sample of 104 brain-injured patients 1 year post-injury. Busch et al. found that COWAT scores loaded on the same "cognitive flexibility" factor along with design fluency, WCST perseverations, and Trails B minus Trails A scores. It should be noted that attempts to generalize obtained factor structures across diverse populations is problematic and neither factor analytic studies mentioned employed the use of qualitative (i.e., cluster and switch) scores for the COWAT. Abwender et al. (2001a) examined the reliability and validity of their new system, as well as the scoring system by Troyer et al. (1997) , in a sample of 88 healthy college students. Each participant was administered the COWAT (FAS version) and a semantic fluency task (animal naming). The interrater reliability of each scoring system was reported as "acceptable" for the mean cluster size score (r = .7 to .8 range). The authors noted that interrater reliability coefficients were "outstanding" for the Troyer et al. (1997) system, and that the "reliability was stronger for hard than for cluster switching" (p. 331) using their system; however, no coefficients were reported. Abwender et al. (2001a) also employed the Ruff Figural Fluency Test (RFFT; Ruff, 1988) and the California Verbal Learning Test (CVLT; Delis, Kramer, Kaplan, & Ober, 1987) to examine the validity of their proposed qualitative scores. The RFFT, a nonverbal analogue of verbal fluency tasks, provided an index of spontaneous strategy use, as poor performance may result from failing to use strategies to produce new designs (see Ruff, 1988) . The authors employed the CVLT, thought to be affected by strategic word recall, as an additional index of strategic organization (i.e., semantic clustering) of material in verbal learning (Delis et al., 1987) .
On animal naming, semantic (i.e., task-consistent) clusters predicted RFFT design production (r = .34) and CVLT semantic clustering (r = .21). Semantic (i.e., task-discrepant) clustering on the COWAT was the best predictor of RFFT performance (r = .46). In contrast, phonemic clustering on each form of fluency task did not correlate with RFFT performance. The authors interpreted these findings as support for the divergent validity of phonemic and semantic clustering scores, suggesting that each form of clustering may be functions of different mental processes. Abwender et al. (2001a) also found that cluster switching and hard switching had different correlations with other COWAT scores and with the executive measures; this implied that all switch scores may not reflect the same cognitive process. For example, cluster switching and hard switching correlated with number of cluster words produced at r = .47 and r = .23, respectively, on the COWAT. Cluster switching predicted a greater number of clustered words, but did not relate to mean cluster size (r = −.02). Cluster switching on animal naming predicted RFFT output (r = .24), supporting the idea that cluster switching may be a due to effective strategy use; however, cluster switching on the COWAT did not predict RFFT design output.
Based on their findings, Abwender et al. (2001a) viewed cluster switching and hard switching as dissociable processes, with cluster switching being a better predictor of increased clustering. They argued that switching on phonemic tasks may be more related to frontal-lobe functions, with cluster switching representing mental flexibility and hard switching representing mental processing speed. Because semantic fields must be intact for cluster switching to occur on semantic fluency tasks, this implied that cluster switching on these tasks involved both frontal and temporallobe functions. They also contend that support for the idea that Troyer et al.'s (1997) concepts of clustering and switching as "deliberate and strategic approaches" on the COWAT is insufficient, and that task-discrepant clustering was more indicative of intentional strategy use on both semantic and phonemic tasks. Abwender et al. recommend their system over others, as earlier methods for coding clustering and switching fail to capture the complexity of the cognitive processes represented on verbal fluency tasks. They also cautioned that their scoring system is a work in progress and cite the lack of test-retest reliability data as a noticeable absence in the literature.
Although their scoring system was innovative and potentially useful, several limitations of the Abwender et al. (2001a) study deserve mention. First, there exists a lack of detail in reporting specific interrater reliability coefficients for all the indices examined, and there is no mention of the number of raters used to assess interrater reliability or the type of training that the raters received. Moreover, Abwender et al. did not indicate whether they employed Pearson product moment correlations, or intraclass correlations, the latter being viewed as more appropriate for examining interrater reliability (Shrout & Fleiss, 1979) . Also, the temporal stability (i.e., test-retest reliability) of their scoring system was not investigated and is presently unknown. When examining the validity of their scores, they did not employ the use of the RFFT production strategy score and instead focused on total design output. RFFT production strategy scores were developed to better assess strategic responding on this task (see Ross, Foard, Hiott, & Vincent, 2003; Ruff, 1988) and using this index would have provided stronger support for the validity of their scoring system. Moreover, measures representing a broader range of executive functions, such as perseverative responding, planning, regulation of working memory, and interference control, were not included. A broader battery of executive tests would provide more insight into which components of executive functioning are most critical to effective verbal fluency performance. Finally, Abwender et al. (2001a) did not report the mean number of phonemic clusters or the mean number of semantic clusters on the COWAT, or the mean number of total words produced on the COWAT. This lack of descriptive information on COWAT indices is another limitation of their report, as it does not allow a more direct comparison to other methods (i.e., Troyer et al., 1997) or to other potential normative studies. The present investigation sought to improve upon the aforementioned limitations by partially replicating and extending the findings of the Abwender et al. (2001a) study using the COWAT.
Method

Participants
Healthy undergraduates (N = 108) were recruited from psychology classes at a mid-sized, southeastern university. Each person received extra credit toward their course as an incentive for participation. Using a self-report questionnaire that assessed demographic characteristics and health status, participants were excluded if they reported a history of psychiatric illness (e.g., depression, attention deficit disorder, learning disability) or neurological disease or trauma (e.g., stroke, head injury, epilepsy). As can be seen in Table 1 , the majority of participants were female Caucasians who were right-handed and in their early twenties. The participants' mean performance on the vocabulary subtest of the Wechsler Adult Intelligence Scale-III was within the average range. Note: Vocabulary = WAIS-III Vocabulary subtest raw score.
Fifty-three participants were retested to examine the test-retest reliability of qualitative scores for the COWAT (M interval = 44.6 days). There were no significant differences between the test-retest sample (N = 53) and those who did not retest (N = 55) with regards to age, gender, education, ethnicity, or for WAIS-III vocabulary subtest performance.
Materials and procedure
The following tests were used to measure verbal fluency and vocabulary level: The Controlled Oral Word Association Task using letters C, F, and L (COWAT; Benton et al., 1983) and the Vocabulary subtest of the Wechsler Adult Intelligence Scale-III (WAIS-III; Wechsler, 1997) . In addition, several putative measures of executive functioning were administered to participants in order to examine the validity of qualitative scores. These measures included the Ruff Figural Fluency Test (Ruff, 1988) Reitan, 1986) , and the Wisconsin Card Sorting Test (Heaton, Chelune, Talley, Kay, & Curtiss, 1993) . Finally, the California Verbal Learning Test-II (CVLT-II; Delis, Kaplan, Kramar, & Ober, 2000) , the Self-Ordered Pointing Task (Petrides & Milner, 1982) , and the Letter Number Sequencing subtest of the WAIS-III were used to explore the possible relationship between COWAT qualitative scores and memory processes presumed to be under some degree of executive control (e.g., organized encoding and retrieval, and regulation of working memory functions). The nature, reliability, and validity of the aforementioned measures are widely reported and therefore are not presented here (for reviews, see Lezak et al., 2004; Mitrushina, Boone, Razani, & D'Elia, 2005; Strauss et al., 2006) .
The order of test administration was counter-balanced to control for possible order effects. All tests were administered and scored in accordance with the aforementioned published manuals by well-trained examiners under the supervision of a Ph.D. level psychologist. Participants were offered breaks during the testing (e.g., restroom, drinks). After completing the test administration, all participants were debriefed and invited to participate in the second phase of the present study. Those participants who were retested at time 2 were administered the COWAT, the health status questionnaire, and a small battery of other measures (not reported here) employed for other ongoing projects in our laboratory.
To reduce the possibility of type I error, only one index from each neuropsychological measure other then the COWAT was analyzed with the exception of three measures that included indices developed specifically to assess strategy utilization beyond their overall total scores (i.e., CVLT-II Semantic Clustering, RFFT Production Strategies, TOH Planning Index). Given previous research on COWAT qualitative indices (e.g., Abwender et al., 2001a) , modest correlation coefficients were anticipated and so no further correction for type I error was made. Because the present sample included young healthy persons only, some performance indices were selected (e.g., WCST perseverative responses) over others (e.g., WCST categories and perseverative errors) in order to promote adequate variability and normality for analyses.
For the scoring and examination of qualitative scores on the COWAT, the present study employed the systems developed by Troyer et al. (1997) and by Abwender et al. (2001a) . The latter system was the main focus of the investigation, as the interrater and test-retest reliability would be examined. The Troyer et al. (1997) system, for which the interrater and test-retest reliability has already been examined (e.g., Ross, 2003; Ross et al., 2005; Troyer et al., 1997) , was used for comparison. Because the scoring system developed by Troyer et al. is the most widely researched to date, it would provide a benchmark with which to gauge any improvements in reliability and validity resulting from the use of the more recently developed system of Abwender et al. Other lesser known scoring systems were not investigated as they employ less comprehensive definitions of clustering that have subsequently been improved upon (e.g., Raskin, Sliwinski, & Borod, 1992) or were designed for semantic fluency tasks only (e.g., Auriacombe et al., 1993) .
Eight raters (the primary investigator who is a Ph.D. level psychologist and seven senior psychology majors) scored the COWAT protocols following procedures outlined in the scoring manual by Abwender, Swan, Bowerman, & Connolly (2001b) . Three additional student raters were utilized to score each COWAT protocol according to criteria outlined by Troyer et al. (1997) . To train the student raters, each were provided with the scoring rules, 20 practice protocols generated for this purpose, and additional scoring examples reported by Abwender et al. (2001b) or those in the appendix of Rich et al.'s (1999) article concerning the Troyer et al. method. Each of the practice protocols were scored and discussed in group meetings supervised by the Ph.D. level rater. Following these training sessions, each rater scored all protocols independently. With the exception of interrater reliability analysis, the values used to generate descriptive data, correlations, and stability coefficients were obtained by carefully examining each protocol. In rare instances, when there were discrepant values between any two judges, the protocol was re-inspected by the primary investigator for accuracy in order to obtain the correct values for data entry.
Results
Using Abwender et al.'s (2001a) system, the COWAT scores at time 1 for the total sample (N = 108) and time 2 for the retest sample (N = 53) are displayed in Table 2 . A practice effect was evident for some scores. Those participants (N = 53) who were retested generated on average 4.91 more words [t (1,52) = 4.79; p < .001], 1.45 more phonemic clusters [t (1,52) = 2.69; p = .01], and 1.64 more cluster switches [t (1,52) = 3.27; p = .002] at time 2. No practice effects were observed for semantic clusters or hard switches (see Table 2 ).
Using Troyer et al.'s (1997) system, the COWAT scores at time 1 for the total sample (N = 108) and time 2 for the retest sample (N = 53) are displayed in Table 2 . Those participants who were retested (N = 53) generated on average 1.51 more clusters [t (1,52) = 3.12; p = .003] and 2.47 more switches [t (1,52) = 3.13; p = .003] at time 2. No practice effect was observed for the mean cluster size score (see Table 2 ).
Using Abwender et al.'s (2001a) system, task-consistent (i.e., phonemic) clustering was observed in 100% of the COWAT protocols, whereas task-discrepant (i.e., semantic) clustering was observed in 64.8% of protocols. Both instances of switching (HS and CS) were observed in the protocols of all participants. Instances of each variety of clustering were recorded and are reported for descriptive purposes. Instances of phonemic clusters beginning with the first two letters were observed in the protocols of all participants; those differing by only their vowel sound were observed in 85%, and those having the same last sound were seen in 69.4% of protocols. Other instances of phonemic cluster types were far less common: those defined as rhyming, having the same last sound, and homonym varieties were observed in 6.5, 5, and 2.9% of the protocols, respectively. Instances of phonemic clusters following an alphabetic progression were non-existent in the present sample, likely attributable to the use of COWAT version CFL in the present study. Of those participants who generated semantic clusters on the COWAT, the majority of such instances were defined as members of the same category (75.4%), whereas semantic clusters that were antonyms and instances of a super-ordinate category and an exemplar were observed in 13.1% and 11.5% of these protocols, respectively.
Using data generated from eight raters who scored the COWAT protocols independently, the interrater reliability of all qualitative scores was excellent using the Abwender et al. (2001a) scoring method (r iccs = .9 or above). Similarly, interrater reliability coefficients were excellent (r iccs = .9 or above) for Troyer et al.'s (1997) system using three independent raters.
The test-retest reliability of the COWAT total word score was r icc = .84 (p < .001). In contrast, the stability of COWAT qualitative indices using the Abwender et al. (2001a) method was modest to poor (r icc = .53 for phonemic clusters, Note: Total words = # of novel words; P clusters = # of phonemic clusters; S clusters = # of semantic clusters; H switches = # of hard switches; C switches = # of cluster switches. a Asterisks denote significant findings (i.e., increases) using paired sample t-tests to compare retest sample scores at time 1 vs. time 2. See text for statistical details. * p < .01. r icc = .48 for semantic clusters, r icc = .62 for hard switches, and r icc = .42 for cluster switches). Similar test-retest reliability coefficients were observed for the Troyer et al. (1997) scoring method (r icc = .45 for clusters, r icc = .62 for switches, and r icc = .40 for mean cluster size). Using Abwender et al.'s (2001a) method, the total number of words produced on the COWAT correlated with phonemic clusters at r = .74 (p < .001), but no correlation was observed between total words and semantic clusters. Cluster switches and hard switches each correlated with total words produced at r = .57 (p < .001) and r = .63 (p < .001), respectively.
Using Troyer et al.'s (1997) method, the total number of words produced correlated with cluster scores at r = .71 (p < .001), and switches at r = .76 (p < .001). No correlation between total words generated and mean cluster size scores was observed. Table 4 Correlations between COWAT scores generated from Troyer et al.'s (1997) Correlations between COWAT scores using the Abwender et al. (2001a) system and WAIS-III subtests, memory, and executive measures are displayed in Table 3 . Each COWAT index correlated with the interference trial of the Stroop Neuropsychological Screening Test, except for semantic clusters and cluster switches. Hard switches, but not cluster switches, were associated with WAIS-III Letter-Number Sequencing (LNS) performance, as was the total number of novel words produced. Interestingly, semantic clustering scores correlated negatively with WAIS-III vocabulary subtest performance. Memory indices (excluding LNS scores) and several other putative measures of executive functioning (excluding Stroop performance) were unrelated to COWAT performance.
Correlations between COWAT scores using the Troyer et al. (1997) system and WAIS-III subtests, memory, and executive measures are displayed in Table 4 . A pattern of correlations very similar to that observed for the Abwender et al. (2001a) system was obtained. Namely, Troyer et al.'s switch scores and cluster scores each correlated negatively with SNST interference trial performance. WAIS-III LNS subtest performance correlated positively with switch scores but not with cluster scores. No other significant correlations between COWAT performance and other measures were observed.
Discussion
The descriptive data for the COWAT generated in the present study is commensurate with previous research using samples of healthy college age students (e.g., Ross, 2003; Ross et al., 2005; Ruff, Light, Parker & Levin, 1996; Troyer, 2000) , including data reported by Abwender et al. (2001a) . For example, Abwender et al. (2001a) reported an average of 2.9 cluster switches and 20.4 hard switches for their sample (N = 88), as compared to 3.3 cluster switches and 18.9 hard switches for the present sample. In contrast, the present study found a lower percentage of COWAT protocols having semantic (i.e., task-discrepant) clusters (64.8%) as compared to the 91% rate reported by Abwender et al. (2001a) . One possibility for the observed difference may be that the present study employed version CFL of the COWAT procedure, while Abwender et al. used version FAS. COWAT versions CFL and PRW have been examined and generally found to be equivalent with respect to qualitative scores (Ross, Furr, Carter, & Weinberg, 2006); however, versions FAS and CFL have not been directly compared for qualitative score equivalence.
Although semantic clusters were present in the majority of protocols, the average number of such clusters produced was only 1.15. Unfortunately, Abwender et al. (2001a) did not report the mean number of semantic clusters generated in their sample for a direct comparison. The present study suggests that the collection of normative data and any subsequent interpretation of semantic cluster scores may be limited by low base rates and a related restriction of range, at least in healthy samples using version CFL of the COWAT. This finding is consistent with the observations of Troyer et al. (1997) and their position that semantic clustering on the COWAT is too infrequent to include in a qualitative scoring system. Abwender et al. (2001a) found that hard switches correlated more strongly with total words produced on the COWAT (r = .71), as compared to cluster switches (r = .35). These authors argue that these disparate correlations support their contention that each form of switching represents a distinct cognitive process. In contrast, the present study did not find such disparate correlations, as hard switches and cluster switches each correlated with total output to a similar degree (r = .63 and r = .57, respectively). Abwender et al. (2001a) reported that cluster switches correlated more closely with clustering than did hard switches. This was found in the present study, as cluster switches correlated with phonemic clusters at r = .85, and hard switches did not correlate with phonemic clustering. Abwender et al. argue that these disparate correlations support the divergent validity of these two types of switch scores, as they assess distinct cognitive processes. One potential problem with this interpretation is that clustering and cluster switches are linearly dependent to some degree, as cluster switches are not scored unless more than one cluster has occurred. However, using the same argument about collinearity, one might expect a high negative relationship between hard switches and clusters. This was not the case, as the observed correlation was positive and non-significant. Thus, the pattern of correlations observed for switch scores is not merely an artifact of the scoring system, but likely reflective of a difference that is more substantive. However, the exact relationship between these qualitative scores and COWAT word output remains unclear. Cluster switches are much less common than hard switches, such that participants generated, on average, only 3 across all three COWAT trials. Given that cluster switches explain only 32% of variance in COWAT total words, this form of switching does not appear to be necessary for effective performance on this task. It has been argued that clustering (and likely cluster switch scores) reflect a test-taking approach or preferred cognitive mode for some but not all participants, as many people perform within the average or high average range while producing very few clusters (Ross, 2003) .
The lack of correlation between semantic clusters and total words, and lack of correlation between semantic clusters and cluster switches, is a threat to the validity of Abwender et al.'s (2001a) scoring system. Abwender et al. contend that semantic clustering on the COWAT is more indicative of intentional strategy use relative to phonemic clustering, as is cluster switching relative to hard switching. If this were the case, a correlation between semantic clusters and cluster switches should be observed. One possibility is that no correlations were observed due to a lack of variability or restriction of range on this variable. In the present sample, the mean number of semantic clusters was 1 across all three trails of the COWAT. This would seem to indicate that either the COWAT is insensitive to any underlying cognitive process supporting semantic clustering or that semantic clustering is simply not required for effective performance on this task. Either way, the low base rate and associated restriction of range for semantic cluster scores appears to be a problem for the Abwender et al. (2001a) scoring system. Until such issues are resolved, there is at present little support for the contention that task-discrepant clustering on the COWAT is a measure of intentional strategy use, especially in the absence of correlations between semantic clusters and putative measures of executive functioning (see below).
Although the interrater reliability of Abwender et al.'s (2001a) system appears excellent, the present results provide very limited support for test-retest reliability. The temporal stability was acceptable for the total words produced only. This study is the first to examine the test-retest reliability of scores generated from the Abwender et al. (2001a) system, so no other studies are available for direct comparison. The low test-retest reliability coefficients for scores generated from Troyer et al.'s (1997) are highly consistent with previous studies using healthy controls (Ross, 2003; Ross et al., 2005) . The poor stability of cluster scores is problematic, especially in light of the acceptable reliability coefficient obtained for the quantitative score (i.e., total words).
One possibility for the low test-retest reliability may be that an individual's clustering and switching skill levels vary across testing occasions, and, therefore, these performance-based scores will be sensitive to the passage of time. We believe this to be an unlikely explanation given that (1) these qualitative scores are purported to reflect relatively stable skills (e.g., vocabulary store) and (2) other factors known to attenuate test-retest reliability coefficients were minimized considerably by (a) employing healthy participants only whose cognitive status was not expected to change between assessments; (b) ensuring that no change in neurological or psychiatric status occurred between time 1 and time 2 assessment; and (c) employing a relatively brief interval (M = 44.6 days) between testing occasions.
Another possibility is that the use of a healthy sample of young adults may have produced a restricted range of scores, which in turn attenuated the reliability coefficients. While this may be the case for Abwender et al.'s (2001a) semantic clustering score, this explanation is less suitable for the majority of qualitative scores. The means and standard deviations for COWAT scores generated from the present sample are commensurate with those values observed in several other studies of young and older healthy persons (e.g., Dikmen, Heaton, Grant & Temkin, 1999; Gladsjo et al., 1999; Nyberg, Winocur, & Moscovich, 1997; Ruff et al., 1996; Troyer, 2000; Troyer et al., 1997) . Therefore, the idea that low test-retest reliability was produced by inadequate score variance specific to the present sample may be less tenable than other interpretations.
The lack of stability may also suggest that significant problems lie with the test (i.e., the scoring system) itself. Namely, that the qualitative scores may not adequately reflect the proposed constructs or may be overly sensitive to the influence of other extraneous variables (including other cognitive constructs). Later in this paper, we offer the possibility that the qualitative output of any search process (strategic or otherwise) on word generation tasks can vary considerably with each test administration due to the influence of other, more automatic cognitive processes that are state-dependent (see below). In fact, Troyer et al. (1997) imply that cluster scores reflect the outcome of search and retrieval strategies more so than the integrity of vocabulary store per se. We agree with Troyer et al., as the correlation between vocabulary performance and COWAT cluster scores should be higher (and positive) if clusters reflected vocabulary store integrity.
Although reliability estimates for qualitative scores were low (.6 to .4), similar test-retest reliability coefficients have been obtained for other timed measures that are widely used. For example, test-retest reliabilities for the Trail Making Test can range from r = .4 to r = .6 (see Strauss et al., 2006) . It has been argued that cluster and switch scores may not reflect stable cognitive skills or traits, and instead assess some state-dependent process or outcome on this task (Ross, 2003; Ross et al., 2005; Tröster et al., 1988) . If this were the case, lower coefficients of stability would be expected. However, any interpretation of validity coefficients must be interpreted in light of the modest reliability of the COWAT qualitative scores. That is, measures having poor reliability will yield lower validity coefficients (Nunnally, 1978) .
Consistent with Abwender et al. (2001a) , we found no correlation between scores on the RFFT and the ability to produce novel words on the COWAT. Additionally, we found no correlation between number of novel words on the COWAT and RFFT production strategies, a qualitative index developed to assess strategic responding more directly. Abwender et al. did not report on the association between semantic clustering on the CVLT and phonemic and semantic clustering on the COWAT; however, the present study examined this specifically and found no correlation among these variables. This study extended the work of Abwender et al. by including several additional measures of executive functioning (e.g., WCST, TOH, SOPT). Interestingly, no significant associations were observed between clustering and switching scores and most of these variables. Taken together, these findings do not support the idea that clustering and cluster switching assess executive functions such as cognitive flexibility and strategic responding. With the exception of the relationship between semantic clustering and vocabulary, the few observed associations between COWAT qualitative scores and measures of executive function were weaker than or equal to those observed between executive measures and the number of novel words produced on the COWAT. These findings question the value of qualitative scores as "purer" or "more direct" measures of specific executive processes (e.g., cognitive flexibility) relative to the total words produced. However, these qualitative scores may still have value in identifying the nature of poor performance and in examining models of verbal fluency. Although Abwender et al. (2001a) recommend their scoring system over others, the present study found no compelling evidence to suggest that their system is superior to that of Troyer et al.'s (1997) with respect to reliability and validity.
Although COWAT scores did not correlate with most executive measures, some notable exceptions were observed. Stroop interference trial performance was correlated negatively with phonemic clustering, hard switching and the total words produced. The Stroop procedure is a well-known measure of inference control that requires the suppression of habitual responses in favor of non-routine responses (Lezak et al., 2004; Trennery et al., 1989) . Greater interference on the color-word portion of the SNST was associated with less phonemic clustering on the COWAT. This finding is not surprising as the COWAT and the Stroop are conceptually similar to some degree. Namely, they both seem to involve a common element of suppressing a habitual response in favor of a novel one (see Perret, 1974) . The COWAT requires the examinee to generate and respond in a non-routine way (i.e., according to a linguistic rule) rather than the more automatic means of by semantic association. However, in most other instances of word finding, words are normally retrieved because of their semantic relationship with one another rather than their phonemic relationship. Therefore, one necessary element of effective COWAT performance may be the suppression of interference, namely, the spread of semantic activation primed by each word generated (see Collins & Loftus, 1975) . Perhaps related to this point was the interesting finding that semantic clustering was correlated negatively with vocabulary. Therefore, as vocabulary performance increased, semantic clustering decreased. One may also speculate that the larger the vocabulary store, the greater potential for interference due to spread of activation across semantic (but not necessarily phonemic) networks. The fact that there was no correlation between phonemic clusters and vocabulary further supports this point. Finally, the correlation between the Stroop procedure and the COWAT cannot be attributed simply to speed of information processing or shared method variance. While these measures are both timed, correlations did not result between the COWAT and other timed tasks (e.g., RFFT, TMT).
Another interesting finding was that the COWAT correlated with WAIS-III Letter-Number Sequencing performance but not with SOPT performance. While both of these measures are believed to impose working memory requirements, the LNS appears more sensitive to interference control problems or freedom from distractibility (see Wechsler, 1997) more so than the SOPT. In contrast, the SOPT appears more sensitive to problems with strategic responding and the ability to monitor an internally generated sequence of responding (Petrides, 2000; Petrides & Milner, 1982; Strauss et al., 2006) .
Taken together, the resulting correlations are consistent with the idea that cluster and switch scores (as well as the total number of words produced) on the COWAT may reflect the ability to respond in a non-routine manner while suppressing interference due to a spread of activation across the subject's semantic or lexical network, which can be counterproductive on this task. This interpretation implies that clustering and switching on the COWAT may not be deliberate, but rather an artifact of a passive (i.e., state-dependent), spread of activation of lexical processing. Although we find this interpretation very interesting, we acknowledge that it is at present speculative, and based on very modest correlations. However, the idea that clustering and switching on the COWAT may not be deliberate is also consistent with the observed poor test-retest reliability of qualitative COWAT scores found in this and other (e.g., Ross, 2003; Ross et al., 2005) investigations. Moreover, this position is consistent with reports that COWAT performance (i.e., novel word generated) can actually decrease in some persons who are instructed to employ phonemic clusters on this task (Ross et al., 2005) .
One of the limitations of the present study was the inability to replicate Abwender et al.'s study precisely, as we did not assess the semantic performance fluency of the participants. In the future, it would be beneficial to replicate our findings as well as those of Abwender et al. (2001a) using both fluency procedures. Future research should also examine the relationship between COWAT scores and other variables (e.g., executive functioning, working memory) in samples of healthy persons and patients with known pathology of the temporal and frontal lobes to promote score variability, which (as stated previously) may be an additional influence on the psychometric properties of the qualitative scores.
Experimentation using cognitive methods (e.g., priming studies) may clarify the role of lexical processing (e.g., spreading of activation) in effective COWAT performance, especially the qualitative aspects (e.g., clustering) and their relationship to vocabulary. For example, the examiner could interject target words during the COWAT procedure and observe the impact on subsequent words generated by the participant and whether such words form clusters. Highfrequency words and those acquired early in development, presumed to have higher baseline levels of activation, may not result in the same degree of spreading and therefore impose less demands on inhibitory processes. In contrast, low-frequency words or words that are ambiguous (e.g., homophones), having presumed lower levels of baseline activation, would increase demands on inhibitory processes. Such words would tend to activate more associative nodes that have equivalent strength of association in the organization of the lexicon (see Anderson, 1976) . Presumably, creating conditions that required a greater need to suppress interference may in turn result in less clustering, especially if this was a deliberate and effortful process on the part of the participant. Interestingly, investigators could assess the impact of denying participants the use of certain words (e.g., "don't say children") and examine whether other phonemic-consistent words are less likely to be generated (e.g., chicken, chapel, challenge). Such methods may better inform us about the construct validity of COWAT qualitative scores. At the very least, demonstrating that the imposition of one word can impact the generation of subsequent words in a predicted fashion would support the position that qualitative scores generated on the COWAT reflect state-dependent processes that vary with each test administration, further explaining the poor test-retest reliability. Additionally, the use of different methods (e.g., priming studies, dual-task paradigms) would allow investigators to examine the validity of qualitative COWAT scores using a multitrait-multimethod design (Campbell & Fiske, 1959) . Finally, the use of experimental methodology may overcome some of the limitations associated with correlational research with respect to explanatory power. These lines of inquiry and others await future research.
